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1 Introduction
A study item on DCH Enhancements for UMTS was proposed at RAN#58. In this contribution, we provide link level simulation results for circuit switched voice over HSDPA (VoHSPA) for a single UE in a single cell scenario. We conclude this contribution with power budget estimation for four power-controlled channels, including: F-DPCH, E-HICH, HS-SCCH and HS-PDSCH. The results from these simulations are to be compared against the link simulation results obtained from the DCH enhancements [1]. 
2 Link Simulation Assumptions
2.1
Link Simulation Assumptions for Downlink

The baseline downlink simulation assumptions for the evaluation of VoHSPA are given in Table1.The transport block size (TBS) to be used for evaluating CS over HS performance is given in Table 2.
2.1   Link performance metrics for downlink

1. Average transmit Ec/Ior for each power controlled HSDPA channel with the following performance targets: 
· BER target for TPC bits of F-DPCH=4%,  
· 12-slot E-HICH format (8ms TTI)

i. Miss detection rate (MDR) target =5%, 
ii. false alarm rate (FAR) target =0.2%, 
iii. -6 dB power offset with respect to Ec/Ior of F-DPCH

· BLER target of HS-SCCH=1%; 

· BLER after 1st transmission of HS-PDSCH≤ 10%; 
2. Average of total Transmit Ec/Ior (the result of (1) above) across TBS, weighted by their frequency of occurrence as indicated by the voice activity factor shown in Table 1. 
3. Average number of HARQ transmissions for each TBS choice of HS-PDSCH
4. Actual BER of TPC bits sent on F-DPCH 
5. Actual MDR and FAR for E-HICH. 
6. Actual HS-SCCH BLER 
7. Average of total Transmit Ec/Ior for all downlink physical channels
Table 1: Baseline Link Simulation Assumptions for Evaluation of Downlink VoHSPA
	Parameters
	Value

	Physical Channels
	HS-PDSCH, HS-SCCH, F-DPCH, E-HICH

	Number of H-ARQ Processes
	6

	Maximum number of H-ARQ Transmissions
	4

	H-ARQ operating point
	10 % BLER after first transmission

	Traffic Source
	Packet generated every 20ms

	Number of Rx Antennas
	1

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	Channel Estimation
	Realistic

	Inner Loop PC Step Size for F-DPCH
	±1 dB

	Inner Loop PC Delay
	2 slots

	CQI Report Interval for Power Control of HS-SCCH and HS-PDSCH
	Every 4 TTIs

	F-DPCH power control
	On, targeting 4% TPC BER;  Ec/Ior ≤ -10 dB;

	E-HICH power control
	On, fixed power offset with respect to F-DPCH Ec/Ior; aiming for ACK miss detection rate of 5% and false-alarm rate of  0.2% 

	HS-SCCH power control
	On, Ec/Ior ≤ -6 dB;

	HS-PDSCH power control
	On,  Ec/Ior ≤ -3.5 dB;

	Propagation Channel
	PA3, PB3, VA30, VA120

	Geometry
	[-3, 0, 3, 6, 9, 12] dB

	UE receiver Type
	Rake receiver for F-DPCH and –HICH;

EQ for HS-SCCH and HS-PDSCH;

	Active set size
	1

	Voice activity factor 
	SID:  0.0625

Full : 0.5


Table 2: TBS Used by DL VoHSPA for Different Vocoder Packets

	Vocoder, packet type
	#bits at vocoder output
	#bits for header overheads
	Total payload
	TBS on DL (octet aligned)

	
	
	Octet alignment
	PDCP header
	RLC UM header
	MAC header*
	
	

	AMR12.2k, full
	244
	4
	8
	8
	24
	288
	288

	AMR12.2k and 5.9k, SID
	39
	1
	8
	8
	24
	80
	120

	AMR5.9k, full
	118
	2
	8
	8
	24
	160
	160


*MAC header refers to MAC-ehs header on DL
3 Simulation Results
Power Controlled HS-SCCH and HS-PDSCH

We assume power control is enabled for both HS-SCCH and HS-PDSCH (FRC) channels, wherein the Ec/Ior levels for HS-SCCH and HS-PDSCH are upper bounded by -6 dB and -3.5 dB, respectively. For each TBS, the performance of power controlled HS-SCCH and HS-PDSCH are shown in Table 3-12 for ITU channel type PA3, PB3, VA30 and VA120. 
In each table, the BLER of HS-SCCH, the BLER of HS-PDSCH after 1st transmission, the average number of HARQ transmissions, and the average Ec/Ior (weighted by the voice activity factor and the average number of HARQ transmission over 20ms data arrival interval) are shown for cell geometries ranging from -3 to 12 dB. It can be observed from these results that the use of power control can maintain an approximately constant HARQ transmission number and HS-SCCH BLER target for different geometries and TBS size. Except for geometry -3 dB, the HS-SCCH BLER target can be met in all cases.
Table 3: Performance of Power Controlled HS-SCCH and HS-PDSCH, TBS 120, PA3 Channel

	Geometry [dB]
	BLER of HS-SCCH
	Average Ec/Ior of HS-SCCH [dB]
	1st BLER of HS-PDSCH
	Average Ec/Ior of HS-PDSCH [dB]
	Average  HARQ Transmissions

	-3
	0.03
	-31.00
	0.10
	-29.26
	1.13

	0
	0.01
	-35.48
	0.10
	-33.03
	1.11

	3
	0.01
	-39.00
	0.10
	-36.15
	1.11

	6
	0.01
	-41.61
	0.10
	-38.83
	1.11

	9
	0.01
	-45.03
	0.10
	-42.03
	1.11

	12
	0.01
	-46.96
	0.10
	-44.46
	1.11


Table 4: Performance of Power Controlled HS-SCCH and HS-PDSCH, TBS 120, PB3 Channel
	Geometry [dB]
	BLER of HS-SCCH
	Average Ec/Ior of HS-SCCH [dB]
	1st BLER of HS-PDSCH
	Average Ec/Ior of HS-PDSCH [dB]
	Average  HARQ Transmissions

	-3
	0.01
	-35.65
	0.10
	-31.58
	1.11

	0
	0.01
	-38.32
	0.10
	-34.20
	1.11

	3
	0.01
	-41.04
	0.10
	-36.92
	1.11

	6
	0.01
	-43.28
	0.10
	-39.10
	1.11

	9
	0.01
	-45.39
	0.10
	-41.24
	1.11

	12
	0.01
	-47.13
	0.10
	-43.05
	1.11


Table 5: Performance of Power Controlled HS-SCCH and HS-PDSCH, TBS 120, VA30 Channel
	Geometry [dB]
	BLER of HS-SCCH
	Average Ec/Ior of HS-SCCH [dB]
	1st BLER of HS-PDSCH
	Average Ec/Ior of HS-PDSCH [dB]
	Average  HARQ Transmissions

	-3
	0.02
	-30.42
	0.10
	-28.41
	1.11

	0
	0.01
	-33.13
	0.10
	-31.17
	1.11

	3
	0.01
	-35.69
	0.10
	-33.81
	1.11

	6
	0.01
	-38.24
	0.10
	-36.17
	1.11

	9
	0.01
	-40.34
	0.10
	-38.43
	1.11

	12
	0.01
	-42.21
	0.10
	-40.43
	1.11


Table 6: Performance of Power Controlled HS-SCCH and HS-PDSCH, TBS 120, VA120 Channel
	Geometry [dB]
	BLER of HS-SCCH
	Average Ec/Ior of HS-SCCH [dB]
	1st BLER of HS-PDSCH
	Average Ec/Ior of HS-PDSCH [dB]
	Average  HARQ Transmissions

	-3
	0.014
	-30.63
	0.10
	-29.39
	1.11

	0
	0.01
	-33.57
	0.10
	-32.37
	1.11

	3
	0.01
	-36.44
	0.10
	-34.95
	1.11

	6
	0.01
	-39.06
	0.10
	-37.32
	1.11

	9
	0.01
	-41.29
	0.10
	-39.42
	1.11

	12
	0.01
	-43.08
	0.10
	-41.16
	1.11


Table 7:  Performance of Power Controlled HS-SCCH and HS-PDSCH, TBS 160, PA3 Channel
	Geometry [dB]
	BLER of HS-SCCH
	Average Ec/Ior of HS-SCCH [dB]
	1st BLER of HS-PDSCH
	Average Ec/Ior of HS-PDSCH [dB]
	Average  HARQ Transmissions

	-3
	0.02
	-22.29
	0.10
	-19.58
	1.13

	0
	0.01
	-26.95
	0.10
	-23.17
	1.11

	3
	0.01
	-29.98
	0.10
	-26.04
	1.11

	6
	0.01
	-32.89
	0.10
	-28.68
	1.11

	9
	0.01
	-35.34
	0.10
	-31.61
	1.11

	12
	0.01
	-38.01
	0.10
	-34.37
	1.11


Table 8:  Performance of Power Controlled HS-SCCH and HS-PDSCH, TBS 160, PB3 Channel
	Geometry [dB]
	BLER of HS-SCCH
	Average Ec/Ior of HS-SCCH [dB]
	1st BLER of HS-PDSCH
	Average Ec/Ior of HS-PDSCH [dB]
	Average  HARQ Transmissions

	-3
	0.01
	-26.71
	0.10
	-21.63
	1.11

	0
	0.01
	-29.47
	0.10
	-24.33
	1.11

	3
	0.01
	-31.99
	0.10
	-26.76
	1.11

	6
	0.01
	-34.27
	0.10
	-29.09
	1.11

	9
	0.01
	-36.44
	0.10
	-31.25
	1.11

	12
	0.01
	-38.13
	0.10
	-33.02
	1.11


Table 9:  Performance of Power Controlled HS-SCCH and HS-PDSCH, TBS 160, VA30 Channel
	Geometry [dB]
	BLER of HS-SCCH
	Average Ec/Ior of HS-SCCH [dB]
	1st BLER of HS-PDSCH
	Average Ec/Ior of HS-PDSCH [dB]
	Average  HARQ Transmissions

	-3
	0.02
	-21.38
	0.10
	-18.44
	1.11

	0
	0.01
	-23.95
	0.10
	-21.08
	1.11

	3
	0.01
	-26.65
	0.10
	-23.68
	1.11

	6
	0.01
	-29.17
	0.10
	-26.13
	1.11

	9
	0.01
	-31.30
	0.10
	-28.37
	1.11

	12
	0.01
	-33.20
	0.10
	-30.29
	1.11


Table 10: Performance of Power Controlled HS-SCCH and HS-PDSCH, TBS 160, VA120 Channel
	Geometry [dB]
	BLER of HS-SCCH
	Average Ec/Ior of HS-SCCH [dB]
	1st BLER of HS-PDSCH
	Average Ec/Ior of HS-PDSCH [dB]
	Average  HARQ Transmissions

	-3
	0.01
	-21.58
	0.10
	-19.39
	1.11

	0
	0.01
	-24.63
	0.10
	-22.26
	1.11

	3
	0.01
	-27.27
	0.10
	-24.84
	1.11

	6
	0.01
	-30.05
	0.10
	-27.23
	1.11

	9
	0.01
	-32.19
	0.10
	-29.30
	1.11

	12
	0.01
	-34.16
	0.10
	-31.15
	1.11


Table 11:  Performance of Power Controlled HS-SCCH and HS-PDSCH, TBS 288, PA3 Channel
	Geometry [dB]
	BLER of HS-SCCH
	Average Ec/Ior of HS-SCCH [dB]
	1st BLER of HS-PDSCH
	Average Ec/Ior of HS-PDSCH [dB]
	Average  HARQ Transmissions

	-3
	0.02
	-22.34
	0.11
	-17.68
	1.16

	0
	0.01
	-26.20
	0.10
	-20.78
	1.12

	3
	0.01
	-29.57
	0.10
	-23.64
	1.11

	6
	0.01
	-33.05
	0.10
	-27.00
	1.11

	9
	0.01
	-35.51
	0.10
	-29.57
	1.11

	12
	0.01
	-38.00
	0.10
	-32.27
	1.11


Table 12:  Performance of Power Controlled HS-SCCH and HS-PDSCH, TBS 288, PB3 Channel
	Geometry [dB]
	BLER of HS-SCCH
	Average Ec/Ior of HS-SCCH [dB]
	1st BLER of HS-PDSCH
	Average Ec/Ior of HS-PDSCH [dB]
	Average  HARQ Transmissions

	-3
	0.01
	-26.69
	0.10
	-19.50
	1.11

	0
	0.01
	-29.27
	0.10
	-22.14
	1.11

	3
	0.01
	-31.96
	0.10
	-24.81
	1.11

	6
	0.01
	-34.28
	0.10
	-27.13
	1.11

	9
	0.01
	-36.27
	0.10
	-29.21
	1.11

	12
	0.01
	-38.05
	0.10
	-30.93
	1.11


Table 13:  Performance of Power Controlled HS-SCCH and HS-PDSCH, TBS 288, VA30 Channel
	Geometry [dB]
	BLER of HS-SCCH
	Average Ec/Ior of HS-SCCH [dB]
	1st BLER of HS-PDSCH
	Average Ec/Ior of HS-PDSCH [dB]
	Average  HARQ Transmissions

	-3
	0.02
	-21.35
	0.10
	-16.86
	1.11

	0
	0.01
	-24.04
	0.10
	-19.23
	1.11

	3
	0.01
	-26.76
	0.10
	-21.74
	1.11

	6
	0.01
	-29.04
	0.10
	-24.03
	1.11

	9
	0.01
	-31.37
	0.10
	-26.30
	1.11

	12
	0.01
	-33.24
	0.10
	-28.18
	1.11


Table 14: Performance of Power Controlled HS-SCCH and HS-PDSCH, TBS 288, VA120 Channel
	Geometry [dB]
	BLER of HS-SCCH
	Average Ec/Ior of HS-SCCH [dB]
	1st BLER of HS-PDSCH
	Average Ec/Ior of HS-PDSCH [dB]
	Average  HARQ Transmissions

	-3
	0.01
	-21.58
	0.10
	-17.49
	1.11

	0
	0.01
	-24.47
	0.10
	-20.18
	1.11

	3
	0.01
	-27.36
	0.10
	-22.78
	1.11

	6
	0.01
	-29.94
	0.10
	-25.15
	1.11

	9
	0.01
	-32.22
	0.10
	-27.24
	1.11

	12
	0.01
	-34.17
	0.10
	-29.01
	1.11


Power Controlled F-DPCH and E-HICH

In our study, F-DPCH is power controlled to meet the BER target of 4%. F-DPCH power control is based on SIR estimation at the UE with respect to a target-dependent threshold. The Ec/Ior of F-DPCH is upper bounded by -10 dB, and an ideal uplink for DL TPC is assumed.  Table 15-18 show the performance of power controlled F-DPCH, wherein the Ec/Ior is averaged over 20ms data arrival interval. The BER target can be met in all cases studied.
Targeting FAR 0.2% and MDR 5%, the power control of E-HICH is implemented on top of F-DPCH by imposing a fixed power offset of -6 dB. Table 19-22 show the MDR obtained from simulations, along with the corresponding Ec/Ior. The listed Ec/Ior is averaged over the number of HARQ transmissions and the 20ms data arrival interval.
Table 15:  Performance of Power Controlled F-DPCH, PA3 Channel

	Geometry [dB]
	TPC BER
	Average Ec/Ior [dB]

	-3
	0.029
	-21.37

	0
	0.011
	-24.09

	3
	0.005
	-26.57

	6
	0.003
	-28.96

	9
	0.003
	-31.10

	12
	0.003
	-32.80




Table 16: Performance of Power Controlled F-DPCH, PB3 Channel

	Geometry [dB]
	TPC BER
	Average Ec/Ior [dB]

	-3
	0.003
	-21.33

	0
	0.001
	-23.44

	3
	0.001
	-25.24

	6
	0.001
	-26.58

	9
	0.001
	-27.43

	12
	0.001
	-27.97





Table 17:  Performance of Power Controlled F-DPCH, VA30 Channel
	Geometry [dB]
	TPC BER
	Average Ec/Ior [dB]

	-3
	0.005
	-20.37

	0
	0.003
	-22.91

	3
	0.003
	-24.89

	6
	0.002
	-26.37

	9
	0.002
	-27.34

	12
	0.002
	-27.93





Table 18:  Performance of Power Controlled F-DPCH, VA120 Channel
	Geometry [dB]
	TPC BER
	Average Ec/Ior [dB]

	-3
	0.006
	-20.06

	0
	0.003
	-22.00

	3
	0.003
	-23.96

	6
	0.002
	-25.42

	9
	0.001
	-26.35

	12
	0.001
	-26.91





Table 19:  Performance of Power Controlled E-HICH, PA3 Channel

	Geometry [dB]
	Average Ec/Ior [dB]
	MDR

	-3
	-21.00
	0.17

	0
	-23.92
	0.08

	3
	-26.20
	0.04

	6
	-28.39
	0.02

	9
	-30.72
	0.02

	12
	-32.44
	0.02





Table 20:  Performance of Power Controlled E-HICH, PB3 Channel

	Geometry [dB]
	Average Ec/Ior [dB]
	MDR

	-3
	-20.88
	0.042

	0
	-23.00
	0.006

	3
	-24.79
	0.003

	6
	-26.14
	0.003

	9
	-27.02
	0.002

	12
	-27.53
	0.004






Table 21:  Performance of Power Controlled E-HICH, VA30 Channel

	Geometry [dB]
	Average Ec/Ior [dB]
	MDR

	-3
	-19.97
	0.019

	0
	-22.52
	0.004

	3
	-24.49
	0.003

	6
	-25.94
	0.003

	9
	-26.93
	0.003

	12
	-27.51
	0.003






Table 22:  Performance of Power Controlled E-HICH, VA120 Channel

	Geometry [dB]
	Average Ec/Ior [dB]
	MDR

	-3
	-19.64
	0.002

	0
	-21.59
	0.002

	3
	-23.54
	0.001

	6
	-25.01
	0.001

	9
	-25.96
	0.001

	12
	-26.49
	0.001




4  Summary 
To obtain an estimate for the power budget required for CS over HSDPA, we added up the weighted Ec/Ior of four power controlled channels (HS-SCCH, HS-PDSCH, F-DPCH, E-HICH) considered above and their total power is given by Table 23. 
Note that the HS-SCCH channels cannot meet the 1% BLER target at -3 dB geometry. In addition, the PA3 case requires a higher Ec/Ior for E-HICH channel to meet the MDR target of 5% when cell geometry ≤ 0 dB. Therefore, the power requirements for PA3 and VA30 are actually higher than indicated below at low geometries. 
Nevertheless, the values reported in Table 23 can provide a useful guide for NodeB in resource allocation for CS over HSDPA transmission.
Table 23:  Power Budget Approximation of CS over HSDPA
	Geometry [dB]
	Total Ec/Ior [dB]

PA3
	Total Ec/Ior [dB]

PB3
	Total Ec/Ior [dB] VA30
	Total Ec/Ior [dB] VA120

	-3
	-13.97
	-15.24
	-13.05
	-13.23

	0
	-17.10
	-17.61
	-15.55
	-15.61

	3
	-19.83
	-19.77
	-17.88
	-17.93

	6
	-22.67
	-21.48
	-19.81
	-19.83

	9
	-25.08
	-22.73
	-21.44
	-21.23

	12
	-27.21
	-23.57
	-22.57
	-22.18


Table 24 presents a comparison of three systems, namely: WCDMA  release99 (R99), WCDMA with DCH enhancements (WCDMA+) and CS over HSDPA (CSoHS), over various choices of propagations and cell geometries. In terms of power efficiency, WCDMA+ outperforms CSoHS in most cases and R99 in all cases. However, CSoHS does have an advantage over R99 for highly mobile channels (VA30 and VA120).
Table 24:  Performance Comparison of CSoHS, WCDMA+ and R99

	Channel Type
	Geometry (dB)
	Average DPCH TxEc/Ior (dB)
	Performance Gains

	
	
	R99
	DCH Enhancements-1500Hz
	CSoHS
	WCDMA+ Gain over CSoHS [dB]
	CSoHS Gain over R99 [dB]

	PA3
	-3
	-17.29
	-19.34
	-13.97
	5.37
	3.32

	
	0
	--
	--
	-17.10
	--
	--

	
	3
	-18.83
	-19.73
	-19.83
	-0.10
	-1.00

	
	6
	-21.47
	-23.07
	-22.67
	0.40
	-1.20

	
	9
	-23.81
	-25.54
	-25.08
	0.45
	-1.28

	
	12
	-25.79
	-27.53
	-27.21
	0.32
	-1.42

	PB3
	-3
	-17.05
	-19.24
	-15.24
	3.99
	1.80

	
	0
	--
	--
	-17.61
	--
	--

	
	3
	-20.45
	-22.61
	-19.77
	2.83
	0.67

	
	6
	-21.93
	-24.11
	-21.48
	2.62
	0.44

	
	9
	-22.9
	-25.09
	-22.73
	2.36
	0.16

	
	12
	-23.46
	-25.66
	-23.57
	2.08
	-0.11

	VA30
	-3
	-17.26
	-19.37
	-13.05
	6.32
	4.20

	
	0
	--
	--
	-15.55
	--
	--

	
	3
	-20.68
	-22.66
	-17.88
	4.78
	2.79

	
	6
	-22.25
	-24.28
	-19.81
	4.46
	2.43

	
	9
	-23.27
	-25.33
	-21.44
	3.89
	1.83

	
	12
	-23.87
	-25.95
	-22.57
	3.37
	1.29

	VA120
	-3
	-17.26
	-19.31
	-13.23
	6.07
	4.02

	
	0
	--
	--
	-15.61
	--
	--

	
	3
	-20.87
	-22.91
	-17.93
	4.97
	2.93

	
	6
	-22.29
	-24.35
	-19.83
	4.51
	2.45

	
	9
	-23.19
	-25.28
	-21.23
	4.04
	1.95

	
	12
	-23.72
	-25.83
	-22.18
	3.64
	1.53
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